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Abstract 
 
The Hydrogeological Context of Cemetery Operations 




Boyd B. Dent 
 
The purpose of this research has been to evaluate the potential contamination impact 
of cemeteries on groundwater. A comprehensive study of the groundwaters in the 
unsaturated and saturated zones of nine Australian cemeteries has been made, with 
most sampling between October 1996 and August 1998.  Periodic sampling from 83 
wells or ponds yielded 305 complete samples which were tested for at least 38 
inorganic and 5 bacterial analytes.  Other, partially complete samples were used for 
metals and bacterial analyses.  The soils of all sites were tested for a range of 
analytes that might reflect or affect the presence of human decomposition products. 
   
The within-cemetery sampling has allowed inorganic chemical characterisation of 
cemetery groundwaters to an amount of detail not previously attained. In the past 100 
years there have been fewer than 12 sampling-based studies published on any of 
these matters. The forms of nitrogen feature most prominently, but three groupings 
of analytes are recognised as major contributors, including Na, Mg, Sr, Cl, SO4 and 
forms of P; these outcomes are similar in each hydrogeological zone. This study is 
unique in that it has a broad focus on the environmental impacts in respect of 
bacterial presence and transmission, heavy metals and nutrients, and has put these 
into the context of cemetery management and operational practices.  
 
Cemetery functions are best understood conceptually as a special kind of landfill but 
they are strongly influenced by the temporal and spatial variability of cemetery 
practices. Human decomposition mechanisms and products are considered in detail. 
This information was used to model the impacts for a large municipal cemetery over 
a twenty year time-frame. The previously unquantified relationship of cemetery 
proximity to drinking water wells has been determined and guiding principles for 
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cemetery location and operation have been prepared including separation distances 
from watertables and specification of buffer zones in different hydrogeological 
settings. The related issue of the disposition of cremated remains is also considered 
and guidelines developed for scattering of these within buffer zones. 
 
The amounts of decomposition products leaving cemeteries are very small, and well 
sited and managed cemeteries have a low impact on the environment. Cemeteries 
should not be regarded as a detrimental landuse and the in-soil interment of human 
remains and re-use of graves are sustainable activities.   
 
However, almost all cemeteries have some potential for pollution.  The most serious 
situation is the escape of pathogenic bacteria or viruses into the environment at large. 
The answer to the question as to ‘whether any one cemetery pollutes?’ depends on 
the location and operation of the site in adherence to the affecting parameters. The 
question can only be resolved by a comprehensive geoscientific investigation with a 
focus on the hydrogeological setting. Such assessment needs to consider the effects if 
the practices and/or usage patterns within the cemetery change, or if there are 











The research work comprising this thesis has extended over 7½ years.  This time-frame 
brings with it both opportunities and difficulties in terms of the on-going review of data 
and results, the search for related information, consideration and presentation of ideas; 
as well as changes to the breadth of the work and the people dealt with whilst 
conducting the research involved.  Accordingly, there is a long list of people to be 
thanked for their inputs and help in making the work a reality and professionally and 
technically correct.  The work has been widely promoted in Australia and overseas as 
the National Study of Cemetery Groundwaters. 
 
Professor Michael Knight, Director of the National Centre for Groundwater 
Management (NCGM), was the Principal Supervisor for this research.  He was the main 
protagonist for attempting the work and the skilful administrator who enabled it to 
happen within a complicated university administrative system and through his liaison 
with industry.  He constantly supported and encouraged me throughout the years, 
overviewed my technical concerns, and facilitated interaction with key staff and others 
where it was needed.  Thank you Michael for your support and friendship. 
 
Dr William Milne-Home, Senior Lecturer in the NCGM was the Co-Supervisor.  Bill's 
principal role was the provision of detailed technical support on matters like sampling 
techniques, chemical analysis, conceptualisation of flow models.  Thank you Bill for the 
time spent - usually I was in a hurry. 
 
The remainder of the staff in the NCGM assisted me directly at some point in time 
through discussion or clarification of issues.  Special thanks are due to Dr Noel Merrick, 
Deputy Director, for administrative and technical help; Mr Derek Yates for field 
assistance on infiltration and numerous discussions about soils and the unsaturated zone; 
Mrs Patricia Xu for financial administration of the research funds; and Ms Lorraine 




Whilst undertaking this work I was employed by UTS as a lecturer in the Department of 
Environmental Sciences (formerly the Department of Applied Geology).  Adjunct Prof. 
Brenda Franklin (previous Head of Department) was initially responsible for employing 
me and then enthusiastically supported my work; she was succeeded by A/Prof. Greg 
Skilbeck who continued in the same vein.  Other colleagues and staff helped in various 
ways and generally supported my absences on fieldwork or other research requirements; 
Mrs Leighonie Callan has been of great assistance in preparing diagrams and slides for 
presentations, whilst Mrs Marnie Paterson also provided liaison with staff and industry; 
others in respect of sampling and testing are mentioned later. 
 
The University, and specifically the Faculty of Science, is thanked for permitting me to 
be employed whilst undertaking the Study.  The Faculty's workshop personnel - Jim, 
Paul and John, were responsible for constructing all the piezometer covers and a 
specialised sand-sludge bailer.  The University facilitated the work via the staff study 
scheme which funded the PhD degree costs.  
  
The direct costs for the Study, particularly for inspections, travel, sampling point 
establishment, sampling, analyses, translation of papers, and more, were funded by the 
generous support of representatives of the Australian cemeteries industry.  A Special 
Research Grant (reference # 907-C04-00658) was provided by the Victorian Department 
of Human Services and covered funding for 3 sites in Victoria, viz. Melbourne General 
Cemetery, The Necropolis - Spring Vale Cemetery, and Bunurong Memorial Park. The 
managers of the relevant Cemeteries and Crematoria Section in that Department changed 
over time, but specific thanks are due to Ms Pauline O'Brien who conceived of and 
created the Grant, Mr Bryan Crampton and Ms Jo Fox . 
 
The trustees of those cemeteries, viz; The Necropolis, Spring Vale and Cheltenham 
Cemeteries, gave approval for the works in their areas of control, and through their 
authorised managers provided considerable additional practical help, minor materials 
supplies, equipment storage, and access to records.  In all the cemeteries studied there 
 
 vi 
were managers and field staff who participated in various ways at different times and to 
all I say "thank you", but specifically Mr Robert Spark, Mr Kevin Scheele, Mr Roy 
Latessa, Mr John Sonogan, Mr Brian Growse from The Necropolis, and Mr John 
Gilbertson, Mr Peter Green, Mr Peter King from Bunurong Park were involved for the 
whole project. 
 
The other partners were the Boards of Trustees of Eastern Suburbs Memorial Park, 
Woronora General Cemetery, Centennial Park Cemetery, Enfield General Cemetery; the 
Launceston City Council and the Metropolitan Cemeteries Board (WA). Specifically:-  
from Eastern Suburbs  - Mr David Blake and Mr Heiko Jacobs; from Woronora - Mr 
Ivan Webber, Mr Colin Smith and Mr Jim Ramsay; from Centennial Park - Mr Norm 
Orchard, Ms Jane Crighton, Mr Mark Ruthven, Mr Colin Platten, Mr Sam Thornton and 
Mr Andrew Driscoll; from Enfield - Mr Kevin Crowden, Mr Brian Bennett, Mr Phil 
Ambler and Mr Simon McGeorge; from Launceston - Mr Craig Saunders, Mr Austin 
O'Byrne and Mrs Robyn Martin; from Metropolitan Cemeteries Board - Mr Peter 
MacLean, Mr John Holman, Mr Brian Danby and Mr Brian Poor.  Some of these staff 
have now left their positions and their replacements have taken over the Study's mantle 
at late stages, so "thank you" all. 
 
The umbrella industry organisation - Australian Cemeteries and Crematoria Association 
(ACCA), and especially its incumbent President at the time of commencement - Mr 
David Blake, provided in-principle support for the work and encouraged its 
promulgation throughout the industry via presentations by Prof. Michael Knight and 
myself at conferences in Sydney, Adelaide and Hobart.  Contact information for all these 
parties can be found in Appendix A. 
 
Dr Robert McLaughlan of the NCGM was an early adviser in the study's development; 
thank you Robert for your challenging input about methodologies and objectives, as well 
as your on-going provision of reference material. Dr Kayleen Walsh, whilst wrestling 
with her PhD studies, was also an early adviser; she provided valuable assistance on 




Much help was sought about the quality and methodologies for microbiological testing; 
particularly valuable advice was obtained from: Mrs Liz Hanko, Senior Microbiologist, 
Water Ecoscience Pty. Ltd.; Mrs Debbie Walters, Microbiologist, Tasmanian 
Department of Primary Industries, Water and Environment; Mrs Elizabeth Frankish, 
Consultant Microbiologist and Managing Director, Microserve Laboratory Pty. Ltd.; Mr 
Reg Walters, Principal Microbiologist, Australian Water Quality Centre; and Mrs Bobby 
Phimister, retired food microbiologist.  
 
Groundwater solutions are difficult to analyse chemically, but thanks to the patient and 
expert assistance and advice of Mr Jim Keegan, Senior Scientific Officer, Department of 
Chemistry, Materials and Forensic Science, the hundreds of ICP analyses undertaken 
were of extremely high quality.  Further help was provided by Ms Anthea Harris and Dr 
Mary Mulholland for a number of HPLC tests; and early on, Mr Roy Day helped with 
attempts at IC analysis. 
 
Mr Gary Hosking, Senior Chemist, Ti-Tree Bend Wastewater Treatment Plant, 
Launceston, provided valuable assistance with obtaining in-time, chemical and 
biological analyses for groundwater samples taken in Launceston. This became 
extremely urgent when the local, government testing laboratory closed half-way through 
the sampling program. 
 
The soil testing was carried out in the Department's laboratories at Gore Hill Campus; 
special thanks are due to Ms Narelle Richardson, Laboratory Manager, and Mrs Sue 
Fenech, Senior Technical Officer, who assisted in establishing the experiments and with 
a myriad of equipment needs; as well as coaxing some little-used analytical apparatus 
into life.  Other technical staff - Ms Jodie Dabovic and Mr Alex Stezenko, and fellow 
PhD students were supportive and encouraging during the many hours at the lab bench. 
 
Mr Rick Wuhrer and Mr Mark Berkhan, Scientific Officers, Microstructural Analysis 
Unit, have provided invaluable assistance respectively in the EM analysis of adipocere, 
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and XRD analysis of soils. 
 
Special assistance with fieldwork was provided by Mr Jeremy Hughes in establishing 
the seepage wells at Woronora Cemetery and by my son who was the chainman for level 
surveying in all but three cemeteries and a helper with the Botany Cemetery 
piezometers.  For Guildford Cemetery the survey work was provided by Mr Tony 
Ferrerer.  Miss Catherine Barrett provided invaluable assistance by preparing all soil 
samples for grading, XRD and chemical analyses.  Miss Shari Forbes, my postgraduate 
student, has provided very useful expositions and discussion of human decomposition 
products. 
 
The field and laboratory data was subjected to numerous statistical examinations.  The 
general methodology and applicability was reviewed by Dr Peter Petocz, Senior 
Lecturer, Department of Mathematical Sciences, UTS, who gave copious amounts of 
encouragement and support for the matters tackled. 
 
A number of documents and journal papers needed to be translated in order to complete 
the Study's literature analysis. Mrs Cornelia Pulvermacher  and others translated from 
German, Mrs Jackie Van Helden form Dutch including an especially difficult but 
historical paper; Mr Pablo Lara and Ms Balbina Arsenio and others translated papers 
from Portuguese.  
 
In 1991 Ms Geraldine Hodgson commenced related research into in-grave 
anthropological taphonomy at Centennial Park Cemetery.  Geraldine provided 
invaluable encouragement with my Study, was a source of fruitful technical discussion 
on various issues and provided samples of soils and adipocere, gave much assistance in 
meeting people in the Australian "death industry", as well as promoting my work and 
involvement in broader matters like forensic geology.  
 
Mr Bolivar Antunes Matos is a PhD researcher at the Institute of Geological Sciences, 
University of São Paulo, Brazil, and is also working on in-ground transmission of necro-
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leachate.  We have had a number of valuable discussions about our mutual interests.  
Bolivar also acted as a guide to the cemetery sites where he and Prof. Alberto Pacheco 
have studied, when I visited Brazil in August, 2000. 
 
Attempting to juggle work commitments including supervision of senior students, the 
needs of immediate and extended family, as well as the necessary travel for fieldwork, 
long hours in the lab or at the desk, has been a demanding task.  It would not have been 
possible to do this work without the significant backing of my wife, Annette, and son, 
Nicholas, and all my family both near and far; I thank them for their patience, 
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